On April 22, 2004, a 56-year-old male volunteer Lieutenant (LT) responded to a fi re in the city community center. After donning his turnout gear, the LT walked toward the pumper when he suddenly collapsed. Ambulance service paramedics on the scene provided immediate treatment. Despite cardiopulmonary resuscitation (CPR) and advanced life support (ALS) performed by the paramedics and hospital emergency department (ED) personnel, the LT died. The death certifi cate, completed by the County Coroner, listed "acute myocardial infarction" due to "viral endocarditis" as the cause of death. No autopsy was performed. The NIOSH investigator concluded the physical stress of responding to the structure fi re and the LT's underlying dilated cardiomyopathy contributed to his sudden cardiac death.
INTRODUCTION & METHODS
On April 22, 2004, a 56-year-old male LT suffered sudden cardiac death after responding to a structure fi re. Despite CPR and ALS performed by ambulance service personnel and hospital ED personnel, the LT died. NIOSH was notifi ed of this fatality on 
INVESTIGATIVE RESULTS
On April 22, 2004, the involved FD was dispatched at 1556 hours to a fi re in a remodeled local junior high school building. The junior high was a twostory building of heavy timber construction with a community gym, cafeteria, dressing rooms, and an art gallery.
Three engine companies, 20 fi re fi ghters, and an ambulance responded to the call. Fire units began to arrive on the scene at 1559 hours to fi nd heavy fi re involving much of the structure. Mutual aid was requested from four neighboring fi re departments. Three additional engines, two tankers, one ladder, and fi fteen personnel responded via mutual aid. The ambulance arrived on the scene at 1601 hours to provide emergency medical services (EMS) standby.
The LT responded from his home and arrived on the scene at about 1610 hours. He donned his turnout gear (pants, coat, boots, helmet, and gloves) and began to walk down the hill to the fi re apparatus. He had been placed on light duty, restricted to external support duties, and was preparing to assist the apparatus operators. He had walked a short distance, when, at about 1612 hours, he suddenly collapsed. Crew members and nearby EMS personnel immediately went to his aid.
Upon fi nding the LT unresponsive, with no pulse and no respirations, nearby personnel began CPR. A second ambulance was requested for assistance and arrived on the scene at 1614 hours. CPR was in progress, an oral airway had been placed, and respirations were being provided via bag-valvemask. A cardiac monitor was connected to the LT, revealing ventricular fi brillation (Vfi b), and one shock was delivered. The LT's heart rhythm reverted to asystole (no heart beat). External cardiac pacing was performed, achieving electrical capture with radial and carotid pulses at a rate of 60 beats per minute. The LT was intubated (a breathing tube inserted into the trachea). Lung sounds were confi rmed with bilateral auscultation. External pacing became ineffective, CPR was restarted, and an intravenous (IV) line was placed. When the LT was placed into the ambulance, the intubation tube became displaced. He was re-intubated and lung sounds were confi rmed with bilateral auscultation and measurement of end-tidal carbon dioxide. His heart rhythm reverted to asystole, and cardiac resuscitation medications were administered. The ambulance departed the scene en route to the hospital at 1627 hours. En route, additional cardiac resuscitation medications were given, and two additional defi brillation attempts were made without change in the LT's status.
The ambulance arrived at the hospital ED at 1648 hours. Inside the ED, ALS resuscitation measures were continued. After a total of 59 minutes of CPR and 58 minutes of ALS, there was no improvement in the LT's condition. At 1712 hours, the attending physician pronounced the LT dead, and resuscitation measures were discontinued. In August 2003, the LT was hospitalized for shortness of breath while lying down, and to rule out a MI, a previous (old) inferior and a possible septal MI. An echocardiogram revealed a left ventricular ejection fraction (LVEF) of 25%, moderate mitral regurgitation, moderate pulmonary hypertension, severely elevated pulmonary capillary wedge pressure, severely elevated left ventricular end-diastolic pressure, and a reduced cardiac output; fi ndings consistent with severe congestive heart failure. A cardiac catheterization revealed minimal coronary artery disease (CAD) (normal left main coronary artery, 30% stenosis in the left anterior descending coronary artery, 30% stenosis in the left circumfl ex coronary artery, and 20% stenosis in the right coronary artery). The LT's blood test for MI (troponin, a more defi nitive test for an MI) was negative, and he was diagnosed with nonischemic dilated cardiomyopathy (DCM). In addition, he was found to have heart conduction problems (a prolonged QT interval on his EKG and non-sustained ventricular tachycardias on cardiac monitoring). He was prescribed multiple cardiac medications including an anticoagulant, two diuretics, digoxin, and two anti-hypertensives. His symptoms improved and he was discharged 3 days later.
A follow-up visit to his cardiologist in December 2003 revealed new EKG fi ndings of premature ventricular complexes and a left bundle branch block pattern. At this time, the LT had been going to cardiac rehabilitation regularly and was working full time as a supervisor at a local factory. Five days later, the LT was hospitalized for an episode of atrial fi brillation. Telemetry (cardiac monitoring) showed atrial fi brillation and intermittent episodes of nonsustained ventricular tachycardia. An anti-arrhythmic agent was added to his other medications, and he was discharged.
By March 2004, with treatment, the LT's condition markedly improved. His shortness of breath had resolved and his LVEF had improved to 41% by multigated acquisition (MUGA) (a form of radionuclide imaging) scan. A Doppler echocardiogram revealed a dilated hypokinetic left ventricle and dilated left atrium. There was moderate global hypokinesis with the ejection fraction at about 40%.
According to the LT's wife, the LT was active, worked around the house, and worked 12-hour days as a local factory supervisor, but did not currently perform regular strenuous exercise. He had no recent complaints of chest pain or other cardiac symptoms. The FD had placed the LT on light duty in August 2003, and the LT had responded to other calls since then.
DESCRIPTION OF THE FIRE DEPARTMENT
At the time of the NIOSH investigation, this volunteer FD consisted of 27 uniformed personnel, served a population of 2,000, and had one fi re station.
Training. The FD requires all fi re fi ghter applicants to possess a valid state driver's license. After an interview with the Fire Chief, applicants must be recommended to the general membership, and be voted on prior to selection. The member is then placed on 6-month probation and begins an 80-hour structural fi re fi ghting training program. After the The LT was certifi ed as an interior structural fi re fi ghter and had 28 years of fi re fi ghting experience.
Pre-placement Physical Examination.
No preplacement physical examination is required by this FD, however the membership application queries the applicant regarding physical fi tness.
Periodic Evaluations.
No periodic medical evaluations, physical agility test, or wellness/fi tness programs are required by this FD for budgetary reasons and concerns that such requirements would hamper recruitment efforts. No return-to-duty medical clearance is required for illnesses and injuries that temporarily prevent fi re fi ghters from performing their duty. Annual self-contained breathing apparatus clearance is required.
DISCUSSION

Dilated Cardiomyopathy and Sudden Cardiac
Death. The cardiomyopathies (CM) constitute a group of diseases involving the heart muscle. They are distinctive because the damage to the heart muscle is not the result of hypertensive, ischemic (coronary artery), valvular, pericardial, or congenital disease. 2 There are three types of CM based on functional impairment: 1) dilated (DCM), the most common form, accounts for 60% of all cardiomyopathies 2) hypertrophic (HCM), recognized by inappropriate left ventricular hypertrophy often with involvement of the interventricular septum 3) restrictive (RCM), the least common form in western countries, marked by impaired diastolic filling and in some cases with endocardial scarring of the ventricle 2 DCM, the type diagnosed in the LT, is characterized by cardiac enlargement and impaired systolic function of one or both ventricles. 3 As the ventricular function deteriorates, signs and symptoms of congestive heart failure (CHF) appear: shortness of breath with exertion or lying fl at, ankle swelling, fatigue, weakness, etc. The LT had many of these symptoms prior to his hospitalization. As in the case with the LT, laboratory studies (radionuclide and cardiac catheterization) reveal left ventricular enlargement and dysfunction, mitral and/or tricuspid regurgitation, elevated left-and often right-sided fi lling pressures, elevated pulmonary artery wedge pressures, and diminished cardiac output.
2,3
The incidence rate of DCM in the United States is 5 to 8 cases per 100,000 per year with an ageadjusted prevalence of 36 cases per 100,000. 4 Most cases of DCM are of unknown etiology (idiopathic), although a variety of acquired or hereditary disorders can cause the disorder (Table 1) . 3 In the LT's case, viral myocarditis is a possible cause, particularly given the County Coroner's listing of "viral endocarditis" as a contributing factor on the death certifi cate. However, with the available medical records, NIOSH investigators were not able to fi nd any reference to an episode of viral myocarditis. In addition, NIOSH investigators are not aware of viruses being capable of causing ENDOcarditis as listed on the death certifi cate. The LT did not have any heart valve vegetations or signifi cant valve dysfunction consistent with endocarditis on his echocardiogram 1 month before his death.
Once diagnosed with DCM, patients typically have a downhill course. Patients over the age of 55 usually die within 3 years of the onset of symptoms. 
Fatality Assessment and Control Evaluation
Investigative Report #F2005-14 DCM is also associated with an increased incidence of sudden cardiac death (SCD), mostly from arrhythmias. 2, 3, 5 Although a variety of symptoms and medical tests can provide prognostic information, patients at greatest risk of SCD are hard to identify. 3 The LT was already on a potent anti-arrhythmic medication and, given his relatively good LVEF, was not a candidate for an implanted defi brillator. 5 The County Coroner listed "acute myocardial infarction" as the immediate cause of death on the death certifi cate. To defi nitively diagnose an acute myocardial infarction requires any of the following: a blood clot (thrombus) in the coronary artery found by catheterization or autopsy, blood tests (cardiac isoenzymes), or EKG fi ndings. The LT did not have an autopsy or an emergent catheterization to identify a thrombus; he died prior to the cardiac isoenzymes becoming positive, and he did not have any heartbeat to conduct an EKG. Given the LT's known history of ventricular arrhythmias, increased risk of SCD due to his DCM, and his relatively clean coronary arteries during his cardiac catheterization 8 months earlier, NIOSH investigators feel his death was most likely due to a cardiac arrhythmia associated with his DCM. The emotional stress and light physical exertion while responding to this incident, coupled with his underling DCM probably triggered his SCD.
Given the LT's DCM diagnosis, restricting him from interior fi re suppression and strenuous activity was entirely appropriate. These restrictions were consistent with guidance from the National Fire Protection Association (NFPA) 1582, Standard on Comprehensive Occupational Medical Program for Fire Departments. 6 Despite these restrictions and the medical treatment for his condition, the LT suffered SCD. Because many cases of DCM can be inherited in an autosomal dominant pattern, the LT's fi rst-degree relatives may want to consult with their physicians regarding the utility of a screening EKG and/or a screening echocardiogram. 7, 8, 9 
RECOMMENDATIONS
The following recommendations are unlikely to have prevented this LT's SCD. However, if implemented, NIOSH investigators feel the FD reduce the risk of SCD in other fi re fi ghters. 11 The FD is not legally required to follow any of these standards.
Applying this recommendation involves economic repercussions and may be particularly diffi cult for small, rural, volunteer fi re departments to implement. To overcome the fi nancial obstacle, the FD could urge current members to get annual medical clearances from their private physicians. Another option is having the annual medical evaluations recommended by NFPA 1582 completed by other members of the volunteer FD (medical and occupational history) and by EMTs from the county=s EMS (vital signs, height, weight, visual acuity, EKG). This information could then be provided to a community physician, perhaps volunteering his or her time, to review the data and provide medical clearance (or further evaluation, if needed). The more extensive portions of the medical examinations could be performed by a private physician at the fi re fi ghter=s expense, provided by a physician volunteer, or paid for by the FD. Sharing the fi nancial responsibility for these evaluations be-
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Recommendation #2: Consider conducting exercise stress tests for male fi re fi ghters over the age of 45 years with two or more risk factors for coronary artery disease.
NFPA 1582 and the IAFF/IAFC Wellness/Fitness Initiative recommend EST for fi re fi ghters with two or more CAD risk factors. 6, 10 The American Heart Association (AHA) states EST may be indicated for individuals who are over 45 years of age with two or more risk factors for CAD. 12 The EST could be conducted by the fi re fi ghter's personal physician or the City/County contract physician. If the fi re fi ghter's personal physician conducts the test, the results should be communicated to the appropriate FD representative. Physicians providing input regarding medical clearance for fi re fi ghting duties should be knowledgeable about the physical demands of fi re fi ghting and should recognize that fi re fi ghters frequently respond to incidents in environments that are immediately dangerous to life and health. They should also be familiar with a FF's personal protective equipment and the consensus guidelines published by NFPA 1582. 6 To ensure physicians are aware of these guidelines, we recommend that the FD, or the FF, provide personal physicians with a copy of NFPA 1582.
Recommendation #4: Phase in a mandatory wellness/fi tness program for fi re fi ghters to reduce risk factors for cardiovascular disease and improve cardiovascular capacity.
Physical inactivity is the most prevalent modifi able risk factor for CAD in the United States. Additionally, physical inactivity, or lack of exercise, is associated with other risk factors, namely obesity and diabetes. 13 15 In addition, the NVFC Health and Wellness Guide addresses wellness/fi tness programs as they relate to volunteer fi re departments.
11
Recommendation #5: Perform an annual physical performance (physical ability) evaluation to ensure fi re fi ghters are physically capable of performing the essential job tasks of structural fi re fi ghting.
NFPA 1500 requires fi re department members who engage in emergency operations to be annually evaluated and certifi ed by the fi re department as meeting the physical performance requirements identifi ed in paragraph 8-2.1. 14 Recommendation #6: Perform an autopsy on all on-duty fi re fi ghter fatalities.
In 1995, the United States Fire Administration (USFA) published the Firefi ghter Autopsy Protocol. 16 With this publication the USFA hopes to provide "a more thorough documentation of the causes of fi refi ghter deaths for three purposes: 
